Influence of erythrocytes on direct potentiometric determination of sodium and potassium
P BIJSTER, H L VADER, AND C L J VINK From the Clinical Laboratory, St Joseph Hospital, Aalsterweg 259, 5644 RC Eindhoven, The Netherlands SUMMARY We have shown that the sodium concentration in whole blood measured by direct potentiometry is higher than in plasma. The 'erythrocyte-effect', already described by Siggaard Andersen, is most pronounced for instruments equipped with a reference electrode with an open static liquid junction and is thus a general phenomenon. Instruments with a modified liquid junction show less interference. The same phenomenon appears for the determination of the potassium concentration, although the difference between whole blood and plasma, when measured with instruments equipped with a modified liquid junction, can be neglected in practice.
were made with a sodium-potassium flow cell consisting of a liquid-membrane potassium electrode, a sodium glass electrode, and a silver: silver chloride reference electrode with a ceramic liquid junction.
The Orion system 99-11 was used by Fuchs et al.,6 who also found an 'excellent correlation' between plasma and whole blood concentrations. Ladenson? and Patal et al. 8 tested the Orion Space Stat 30 sodium/potassium ion analyser but arrived at different conclusions. Ladenson reported no significant difference between the concentrations of sodium and potassium measured in whole blood or plasma (n = 207), and he attributed this to the design of the liquid junction which may affect the residual liquid-junction potential. The flowing, high mixingvelocity, liquid junction used in the SS 30 would be superior to the commonly used open-capillary liquid junctions. In contrast, Patal et al. 8 found by the comparison of 100 whole blood samples with the corresponding plasma samples that the mean Na and K concentrations of whole blood were higher than those for plasma. The differences between the means were 2·1 mmol/l for sodium and 0·1 mmol/l for potassium.
With another commercial apparatus, the Nova-I, which is equipped with a flowing calomel reference electrode, Ladenson" compared 86 results for whole blood and plasma on specimens from 46 different patients. He found that the results for sodium in whole blood were slightly (0· 5 mmolfl) lower than those for plasma and the results for potassium were not significantly different. Annan et a/. lD found with the same instrument that the whole blood sodium and potassium concentrations were about 116 1·4 mrnol/l and 0·04 mrnol/l Iower than the corresponding plasma concentrations. It can be expected from the work of Siggaard Andersen'! and Maas, 12 where pH-values of whole blood were found to be lower than those of plasma due to precipitation and haemolysis of the red cells at the liquid junction, that similar' differences would be obtained, i.e., higher sodium concentrations in whole blood than in plasma. As the construction of the reference electrode and the design of the liquid junction in the direct potentiometric sodium/potassium analysers now available are different, and as this design can greatly influence the relationship of whole blood and plasma pH,l3 we have investigated this whole blood/ plasma difference in four different direct potentiometric analysers.
Materials and methods
The direct potentiometric sodium and potassium analyses were performed with the AVL 980 electrolyte analyser (AVL AG Biomedical Instruments, Grabenstrasse 11, CH-8201 Schaffhausen, Switzerland), the Corning 902 sodium/potassium analyser (Corning Medical and Scientific, Corning Ltd, Halstead, Essex, CO 92 DX, England), the IL System 502 (Instrumentation Laboratory Inc, Biomedical Division, Lexington, Ma 02173), and the Nova-l analyser (Nova Biomedical, 1238 Chestnut Street, Newton, Ma 02164).
The sodium and potassium analyses in the instruments are made with sodium-selective glass electrodes and valinomycin potassium electrodes, respectively. The type of reference electrode and the design of the liquid junction is different in the four apparatuses.
The AVL 980 has an open static liquid junction calomel reference electrode (1·2 rnol/l KCl), the Corning 902 has a membrane Ag-AgCI reference electrode (4·0 mol/I KCl), the IL 502 has an open static liquid junction Ag-AgCI reference electrode (3·0 mol/I KCI), and the Nova-l has an open flowing liquid junction calomel referenceelectrode(2·0 mol/l KCl). All analysers perform their measurements at ambient temperature. The instruments were calibrated with the standard solutions obtained from the manufacturer of each individual instrument. Each measurement with the AVL 980, the IL 502, and the Nova-l was followed by an automatic onepoint calibration. As the Corning 902 is not automatically calibrated after every sample, we performed a one-point calibration manually after every sample.
The measurements on the four instruments were made during a period of five weeks, and the instruments were tested one after the other.
For the comparison between the results of whole blood and plasma we used 50 samples of fresh heparinised blood obtained with the Vacutainer ® blood collection system (Becton & Dickinson BV, Amersfoort, The Netherlands). The haematocrits of these samples determined in duplicate on a MSE micro-haematocrit centrifuge (MSE Scientific Instruments, Crawley RH 102 QQ, Sussex, England) ranged from 35 to 54 %.
After the analyses of the whole blood, the samples were centrifuged in a thermostatted centrifuge (Heraeus-Christ Cryofuge 4KS) for 10 minutes at 1000g at 20±1°C in the same closed tube and the plasma analyses were made directly after centrifuging. All analyses were done in triplicate.
Although there is no significant influence of centrifuge speed (l000g compared with 2000g) and temperature (20°C compared with temperature in a non-thermostatted centrifuge), we chose these mild centrifuge conditions to prevent any possible erythrocyte maltreatment. The influence of closure of the centrifuge tubes is very significant. We centrifuged 10 ml pooled plasma at 2000 g for 10 minutes in an open 12 ml tube (inner diameter 14 mm) in a non-thermostatted centrifuge and found a 0·8 % increase for both the sodium and the potassium concentrations. The same 0·8 % was found as weight decrease when we repeated this experiment with water instead of plasma.
Samples with artificially large haematocrits were prepared by remixing different quantities of erythrocytes and plasma after centrifugation. The intraassay precision was determined twice by analysing a whole blood sample and a plasma sample 15 times.
Results
The mean difference between the whole blood and the plasma concentrations of sodium and potassium of 50 patients and the intra-assay precisions are shown in the Table for the four different analysers. All these differences are highly significant (paired t-test, P <0·001) with the exception of the mean difference between the potassium concentrations in whole blood and plasma for the Nova-1 (paired t-test, 0·02<p<0·05).
In the normal haematocrit range (where the presented 50 patients were found), no correlation is found between the haematocrit and the whole blood/plasma difference. With the large artificial haematocrits (> 60 %) the influence of erythrocytes on the concentration increases with increasing haematocrit and this haematocrit-effect is more pronounced when an open static liquid junction is used (AVL 980 and IL 502).
To compare our results with the results ofSiggaard Andersen!' and Maas,12 we calculated the mean logarithms of the whole blood : plasma concentration ratios for sodium and potassium (see Table) .
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138 32 /' Whde blood concentration (mmoViI Figure 1 shows the relation between the sodium and potassium concentrations of whole blood and plasma analysed with the AVL 980. In Figs 2, 3, and 4 the same relations are shown for the Corning 902, the IL 502, and the N ova-L, respectively.
Discussion
From the four instruments we used in our experiments two (AVL 980 and IL 502) have an open static liquidjunction and two (Corning 902 and Nova-1) have a modified liquid junction. From our results it is clear that the mean difference between the sodium concentrations in whole blood and plasma measured with an open static liquid junction is greater than the same difference measured with a modified liquid junction. The overall mean sodium differences of the first two instruments is + 1· 8 rnrnol/l compared with +0· 6 mmol/l for the instruments with a modified liquid junction.
Comparable results are obtained for the potassium concentrations. The overall mean potassium difference of the instruments with an open static liquid junction is +0·12 mmol/l, compared with -0·01 mmol/I for the instruments with a modified liquid junction.
From the Table it is clear that the mean logarithm of the whole blood: plasma concentration ratios for sodium for instruments with an open static liquid junction (AYL 980 and IL 502) is +0·006. The analogous logarithm for potassium is +0·014. These results are comparable with the results of Siggaard Andersen'? and Maas'", who both found a pH difference between plasma and whole blood of +0· 01. It is thus probable that this erythrocyte effect found for H+ is a general effect inherent to direct potentiometry.
From our results it is evident that the influence of haemolysis, due to the contact of the erythrocytes with the KCl bridge solution, on the liquid-junction potential, described by Maas,12 is minimised by using instruments with a modified liquid junction, as realised in the Corning 902 and the Nova-I.
Our results obtained with the Nova-l are not in agreement with those of others," 10 who found higher sodium concentrations in plasma than in whole blood (mean difference 0·5 mmol/l and 1·3-1·6 mmol/l, respectively).
This disagreement may result from the separation technique used to obtain plasma. We centrifuged the samples at l000g in closed tubes in a thermostatted centrifuge which was held at 20°C. In this way no evaporation of plasma water was possible. Centrifuging in open tubes without temperature control results in temperature increase of the plasma and evaporation of the plasma water. Bzcause of this the sodium concentration in plasma, compared with that in whole blood, is raised by about 1· 5 rnrnol/l in 10 minutes.
